Background: Event-related oscillations (EROs) 
T he electroencephalographic (EEG) features that underlie sensory, motor, or cognitive events are called event-related oscillations (EROs). These brain oscillations are the basic measures of neuroelectric processes and play a critical role in understanding neurocognitive functioning (Karakas et al 2000a (Karakas et al , 2000b . During the cognitive processing, multiple, superimposed, and/or parallel oscillations are evoked and transferred to distributed structures in the brain with various degrees of intensity, synchronization, duration, and delay (Basar et al 2001a) . Some researchers suggest that the event-related potentials (ERPs) are generated from the oscillatory changes in the dynamics of ongoing EEG rhythms of different frequency bands, a process known as phase resetting (e.g., Basar 1980; Karakas et al 2000a Karakas et al , 2000b Makeig et al 2002; Jansen et al 2003; Klimesch et al 2004) . This view has recently been challenged with evidence that ERPs are produced by processes separate from and additive to ongoing brain activity (Yeung et al 2004; Fell et al 2004; Makinen et al 2005) .
Oscillatory responses of different frequency bands have been associated with various cognitive functions. For example, delta responses are assumed to mediate signal detection and decision making (e.g., Basar 1999; Basar et al 2001a; Schurmann et al 2001) , while theta rhythms are associated with different cognitive processes such as conscious awareness, episodic retrieval, recognition memory, and frontal inhibitory control (e.g., Klimesch et al 1994 Klimesch et al , 2001a Klimesch et al , 2001b Doppelmayr et al 1998; Karakas et al 2000a Karakas et al , 2000b Basar et al 2001c; Kamarajan et al 2004) . The slow alpha rhythm (8 -10 Hz) has been reported to be modulated as a function of attentional demands (e.g., Basar et al 1997; Klimesch 1997b; Klimesch et al 1998) , and fast alpha activity (10 -12 Hz) has been found to mediate semantic memory processes as well as stimulus-related aspects (e.g., Klimesch 1996; Klimesch et al 1994 Klimesch et al , 1997a Klimesch et al , 1997b . Further, oscillatory gamma responses have been shown to be involved in visual perception, cognitive integrative function such as "binding," and frontal input during sensory processing (top-down processing) (e.g., Basar-Eroglu et al 1996a , 1996b Schurmann et al 1997; Basar et al 2001a Basar et al , 2001b Karakas et al 2001) . It is suggested that higher frequency oscillations are involved in more localized neural networks, whereas the long-range communication networks (e.g., posterior to anterior sites) are activated through slow oscillations (von Stein and Sarnthein 2000; Kopell et al 2000; Steriade 2001; Csicsvari et al 2003; Buzsaki and Draguhn 2004) . Event-related oscillation analysis has also proven to be an important tool in measuring the neurocognitive dysfunctions in clinical conditions such as schizophrenia (Kissler et al 2000; Green et al 2003; Gonzalez-Hernandez et al 2003; Gallinat et al 2004) and attentiondeficit/hyperactivity disorder (ADHD) (Yordanova et al 2001) .
Recently, we showed that alcoholics have deficient delta and theta oscillatory responses during the NoGo condition in a Go/NoGo task (Kamarajan et al 2004) . Further, decreased NoGo-P3 amplitude has also been reported in alcoholics (Cohen et al 1997a; Kamarajan et al, 2005a) , as well as in children of alcoholics (Cohen et al 1997b; Kamarajan et al, 2005b) . There is a good deal of evidence that P3 responses are primarily the outcome of oscillatory changes in delta and theta rhythms during stimulus processing (Stampfer and Basar 1985; Basar-Eroglu et al 1991 , 2001 Roschke and Fell 1997; Devrim et al 1999; Demiralp et al 2001) . In addition, children of alcoholics at high risk have been found to have lower P3 amplitude than children of nonalcoholics under various task conditions (for reviews, Porjesz and Begleiter 1990 Porjesz et al 2005) . Therefore, the present study has attempted to examine the oscillatory responses in the offspring of alcoholics in the time window of 300 to 700 milliseconds when P3 is maximum.
This study also attempts to identify the electrophysiological marker(s) of frontal inhibitory control in high-risk subjects, which can serve as biological endophenotypes for alcoholism and related disorders. Since alcoholism has been associated with a spectrum of externalizing/disinhibitory disorders (Gorenstein and Newman 1980; Krueger et al 2002; Iacono et al 2002 Iacono et al , 2003 Kendler et al 2003; Hicks et al 2004) and similar electrophysiological features have been reported in individuals with diverse disinhibitory clinical conditions (e.g., Hesselbrock 1999a, 1999b; van der Stelt et al 2001; Iacono et al 2002 Iacono et al , 2003 , identifying electrophysiological markers in the offspring of alcoholics (OA) may provide useful measures for the study of neurogenetic etiology of alcoholism and/or other disinhibitory disorders. As oscillatory responses during the Go/NoGo paradigm have proven to be quite useful in studying cognitive and neural disinhibition in alcoholics, we were interested in determining whether the children of alcoholics would also exhibit deficient oscillatory responses, particularly during the NoGo condition.
Methods and Materials

Subjects
The sample consisted of 50 offspring of alcoholics with an age range of 18 to 25 years (mean ϭ 20.72; SD ϭ 2.06) and 50 normal control subjects (NC) matched for age (mean ϭ 20.34; SD ϭ 1.93; range ϭ 18 -24 years) and gender (29 male subjects and 21 female subjects in either group) were selected. Demographic and clinical characteristics of the sample are shown in Table 1 . The ethnicity composition (in count) based on self-report of the groups (NC ϩ OA) is as follows: African American, not of Hispanic origin (25 ϩ 24); African American, of Hispanic origin (3 ϩ 4); Caucasian, not of Hispanic origin (9 ϩ 7); Caucasian, of Hispanic origin (4 ϩ 8); Asian (2 ϩ 0); Pacific Islander (4 ϩ 0); Other (2 ϩ 5); and more than one race (1 ϩ 2). The group difference, however, is not significant ( 2 ϭ .227). All subjects were right-handed and were recruited through newspaper advertisements and notices. The OA subjects had at least one of their biological parents diagnosed with alcohol dependence. A semistructured interview was conducted (by trained clinicians) to diagnose the participants for alcoholism and other major psychiatric disorders using DSM-IV criteria, namely the Bard/Porjesz Adult Alcoholism Battery, a semistructured clinical assessment schedule based on DSM-IV criteria for the evaluation of clinical details of alcohol dependence and alcohol-related medical problems, while a detailed checklist was used for documenting personal and family history of alcoholism, drug use, and other psychiatric disorders. The individuals with major neurological and psychiatric conditions (inclusive of alcohol/drug dependence) and/or with concurrent psychotropic medications were excluded from the study. However, social drinkers (17 in the OA group, 13 in the NC group) were included in the study. Further, individuals with concurrent or past history of externalizing disorders (such as conduct disorder [CD] , antisocial personality disorder [ASPD] , oppositional defiant disorder [ODD] , and attention-deficit/hyperactivity disorder [ADHD]) were also included in the OA group but not in the NC group. The rationale for including the externalizing disorders in the OA group is that these disorders are theorized to be part of a disinhibitory spectrum in which alcoholism is one of the etiological outcomes, and therefore, it was considered that these disorders are part of a unified group at high risk for developing alcoholism and/or other disinhibitory disorders (Krueger et al 2002; Kendler et al 2003; Iacono et al 2002 Iacono et al , 2003 Hicks et al 2004) . All the subjects were screened for organicity (i.e., possible brain damage), using the Mini-Mental State Examination (MMSE) (Folstein et al 1975) . The subjects were also excluded for their recent (i.e., past 48 hours) drug/alcohol use, based on breath analyzer and urine screen. No subjects had hearing or visual impairments. Informed consent was obtained from each individual, and the experimental procedures and ethical guidelines were in accordance with the Institutional Review Board (IRB).
Experimental Paradigm
The experimental paradigm is identical to our previous studies and has been described elsewhere (Kamarajan et al 2004 (Kamarajan et al , 2005a (Kamarajan et al , 2005b . There were three visual stimuli in the task: 1) a cross (fixation stimulus), 2) a circle (Go or NoGo stimulus), and 3) a dollar sign (reinforcement sign). These stimuli subtended a visual angle of approximately 1°and were presented on a computer monitor. The Go and NoGo stimuli were always preceded by a fixation stimulus that appeared at the center of the monitor. The position of the circle differentiated between the NoGo (no response) and the Go (quick response) condition. The circles that appeared at the top right and bottom left corners served as Go stimuli, to which the subjects responded quickly by pressing a button. The NoGo stimuli appeared at the top left and bottom right corners, to which the subjects were asked to withhold their response. The dollar sign appeared whenever there was a correct button-press response to indicate a reward. The probabilities of occurrence of Go and NoGo stimuli were equal (50/50), and the order of these stimuli was randomized.
The experiment consisted of a practice phase and a recording phase. The practice phase consisted of 20 Go and NoGo trials, respectively. An auditory feedback signal ("beep") alerted the subject if they responded incorrectly; the practice phase did not accrue any reward. The EEG activity was recorded only during the recording phase, which consisted of 100 trials (50 Go and 50 NoGo stimuli). The appearance of a dollar sign in this phase indicated a reward of 25 cents for each correct button-press response, while there was no feedback signal provided for the incorrect responses. The total amount gained as reward was not displayed during the stimulus presentation; however, based on ethical considerations, the subjects received the full amount (without deductions for incorrect responses) at the end of the experiment, although they were not informed of this while performing the experiment.
EEG Data Acquisition
The subjects were comfortably seated in front of the computer monitor placed 1 m away. Electroencephalographic activity was recorded on a Neuroscan system (Version 4.1; Compumedics USA, Ltd., El Paso, Texas) using a 61-channel electrode cap, which included 19 electrodes of the International 10-20 System and 42 additional electrode sites. The electrodes were referenced to the tip of the nose and the ground electrode was at the forehead (frontal midline). Eye movements were recorded using a supraorbital vertical lead and a horizontal lead on the external canthus of the left eye. Electrode impedance was maintained below 5 k⍀. The EEG signals were recorded continuously with a band-pass at .02 to 100 Hz and amplified 10,000 times using a set of amplifiers (Sensorium, Charlotte, Vermont). The data consisted of sampling rates of either 256 or 512 Hz and were resampled at 256 Hz during the signal analysis for the sake of uniformity.
ERO Energy Estimation
A recently developed method for time-frequency representation called the S-transform (ST) was used to obtain reliable estimates of localized power of nonstationary evoked potential time series (Stockwell et al 1996; Chu 1996; Theophanis and Queen 2000) . This method has been recently employed in a genetic linkage study of delta and theta band , as well as in the analysis of early evoked gamma activity in alcoholics (Padmanabhapillai et al, in press) during the visual oddball paradigm. The S-transform is a generalization of the Gabor transform (Gabor 1946) and an extension to the continuous wavelet transform. The S-transform generates a time-frequency representation (TFR) of a signal by integrating the signal at each time point with a series of windowed harmonics of various frequencies as follows:
where h(t) is the signal, f is frequency, is a translation parameter, the first exponential is the window function, and the second exponential is the harmonic function. The S-transform TFR is computed by shifting the window function down the signal in time by across a range of frequencies. The window function is Gaussian with 1/f 2 variance and scales in width according to the examined frequency. This inverse dependence of the width of the Gaussian window with frequency provides the frequency-dependent resolution. The amplitude envelope of the complex-valued S-transform TFR is calculated by taking the absolute value |ST͑f,͒|. The total energy response was acquired by calculation of the average of individual trials containing time-frequency energy distributions. Baseline-adjusted poststimulus activity (1000 milliseconds) was obtained by subtracting the prestimulus (125 milliseconds) energy values from the original values. The energy curves were also plotted for eight predetermined frequency bands: delta (1-3 Hz), theta (4 -7 Hz), alpha1 (8 -9), alpha2 (10 -12), beta1 (13-16 Hz), beta2 (17-20 Hz), beta3 (21-28 Hz), and gamma (29 -45 Hz). The trials containing Ͼ100 V were removed for artifacts. The minimum number of artifact-free trials was kept at 20 for the analysis. The trials with incorrect responses (i.e., NoGo trials with button-press response and Go trials without button-press response) were removed from the analyses. The data of individuals who had either "contaminated" waveforms or "no-response like" damped waveforms were also excluded from the study. For the purpose of statistical analysis, mean values were calculated from the TFR amplitude envelope within time-frequency regions of interest (TFROIs) (Lachaux et al 2003) corresponding to 300 to 700 milliseconds time window range separately for each of the frequency bands.
Statistical Analyses
The electrodes were grouped into six scalp regions for the statistical analyses, as described in our previous study (Kamarajan et al 2005b) . The behavioral data were analyzed using t test. Initially, the repeated measures analysis of variance (RMANOVA) (full-factorial model) was performed on the mean energy values Figure 1 . The ERPs and time-frequency representation of Go and NoGo conditions for the NC and OA groups at Cz electrode. Note the lower P3 amplitude and decreased energy in low-frequency activity in both Go and NoGo conditions in the OA compared with the NC group. The time window of 300 to 700 milliseconds is marked with a dotted white line in the timefrequency plots. The color scale represents the decomposed energy for both groups. ERP, event-related potential; NC, normal control subjects; OA, offspring of alcoholics. for each of the frequency bands separately by having task condition, regions, and electrodes as within-subject variables and group as a between-subject variable. Greenhouse-Geisser correction was done for the within-subject factors and interactions wherever applicable. As a second stage of analysis, the mean energy values were compared between groups using the multivariate analysis of variance (MANOVA) for each of the frequency bands and for each region separately. The between-subject factor in this model was group, while six electrodes (from respective scalp regions) were entered as within-subject factors. Only six representative electrodes from each of the regions were taken into the analysis, as described in our previous study (Kamarajan et al 2005b) . Having equal numbers of electrodes in each region makes the comparisons among regions more viable and meaningful, and this fits well with the RMANOVA design. Moreover, the grouping of electrodes into six scalp regions was based on the lobewise divisions of the cerebral cortex. This regional grouping may help in interpreting the findings in terms of the functional significance of different lobes of the cortex. Furthermore, many previous studies have used this lobewise grouping (e.g., Cohen et al 1997a; Kamarajan et al 2004; de Bruin et al 2004) .
Results
Behavioral and Clinical Data
The behavioral performance scores between NC and OA are shown in Table 2 . It was observed that the subjects in the OA group committed more errors and had longer reaction time than that of the NC group, although none of these measures was statistically significant. The clinical variables that formed the subgroups, such as social drinking and externalizing disorders, were neither analyzed separately nor included in the analysis of electrophysiological data.
Electrophysiological Data
The time-frequency representation of Go and NoGo conditions has been illustrated in Figure 1 . It is obvious that the OA group has a relatively decreased P3 amplitude of the ERP, as well as a decrease in the low-frequency activity. The event-related desynchronization/event-related synchronization (ERD/ERS) energy curves of Go and NoGo conditions for each group are shown in Figure 2 . These energy curves, as mentioned earlier, are the amplitude envelope of spectral activity. As shown, OA subjects have lower amplitude in delta and theta bands during NoGo as well as Go conditions. The mean amplitude values (between 300 -700 milliseconds) obtained from the energy curves at different electrode sites were statistically analyzed. The group main effects as well as the interaction effects of group ϫ condition and group ϫ condition ϫ region as found in the RMANOVA are shown in Table 3 . It was found that the main effects of group were significant only in the delta and theta bands. The group ϫ condition was significant in the theta and alpha1 bands, whereas the group ϫ condition ϫ region was significant in the delta, theta, and beta3 bands. Further analysis showed that there were no gender differences (main effect) in EROs in the regions of interest. Other effects that showed statistical significance are as follows.
1. Delta band: condition (p ϭ .003); region (p ϭ .000); electrode (p ϭ .004); condition ϫ region (p ϭ .000); condition ϫ electrode (p ϭ .000); condition ϫ electrode ϫ group (p ϭ .000); region ϫ electrode (p ϭ .000); and condition ϫ region ϫ electrode (p ϭ .000). 2. Theta band: condition (p ϭ .001); region (p ϭ .000); electrode (p ϭ .000); condition ϫ region (p ϭ .000); condition ϫ electrode (p ϭ .000); condition ϫ electrode ϫ Figure 2 . The energy curves showing the comparison of NC and OA groups in Go and NoGo conditions. These curves were obtained from the amplitude envelope of a particular spectral activity derived from S-transform. NC, normal control subjects; OA, offspring of alcoholics. group (p ϭ .006); region ϫ electrode (p ϭ .000); and condition ϫ region ϫ electrode (p ϭ .000). 3. Alpha1 band: condition (p ϭ .000); region (p ϭ .000); electrode (p ϭ .011); condition ϫ region (p ϭ .000); condition ϫ electrode (p ϭ .021); region ϫ electrode (p ϭ .000); and condition ϫ region ϫ electrode (p ϭ .000).
The MANOVA showed that the significant group effects were observed only in delta, theta, and alpha1 bands. The significant differences between NC and OA groups during the NoGo and Go conditions in each of the scalp regions are shown in Tables 4 and  5 , respectively. It can be observed that the group differences were more obvious in the NoGo condition than in the Go condition (Figure 3 ). During the Go condition, it was found that the OA group showed significantly less delta energy at parietal, occipital, and right temporal regions and less theta activity only at the parietal region (Table 4) . On the other hand, during the NoGo condition, the OA group showed significantly less delta energy at frontal, central, parietal, occipital, and left and right temporal regions, less theta activity at frontal, central, parietal, occipital, and left temporal regions, and less alpha1 activity at frontal, central, parietal, occipital regions (Table 5 ). The topography of delta, theta, and alpha1 activities between 300 to 700 milliseconds during the NoGo condition is illustrated in Figure 4 . The activity level (based on the color scale) represents the mean amplitude (during the P3 time window) across all electrode sites. It is observed that the topography of delta and theta activity is similar in NC and OC groups. However, the OA group showed lower activity in delta and theta bands, as well as weaker anterior-posterior communication in alpha1 band as compared with control subjects.
Discussion
The present study attempts to examine the neurocognitive dysfunctions in subjects who are at high risk to develop alcoholism (i.e., OA group) as elicited by the oscillatory responses in a Go/NoGo paradigm. The statistical analysis of time-frequency profile and the energy curves of different frequency bands yielded three major findings: 1) the OA subjects displayed a significantly lower response in delta, theta, and alpha1 oscillations during the NoGo condition, as well as in delta and theta oscillations during the Go condition, suggesting dysfunctions in response inhibition, as well as in response activation; 2) the reduction in oscillatory activity of the OA group was more robust in the NoGo than in the Go condition, suggesting a more prominent dysfunction in the frontal inhibitory control; and 3) the anterior-posterior communication (at 300 -700 milliseconds) as reflected in the topography of the slow alpha activity during the NoGo condition was much weaker in the OA group as compared with control subjects, suggesting a possible impairment in the long-range neural circuits. Results also showed that there is a near significant difference between the groups in reaction time and error scores, suggesting that these probable behavioral deficits could have been the external manifestation of the neuroelectric dysfunctions observed in the study. However, the finding showing significant neuroelectric deficiencies but not so significant behavioral deficits in the OA group indicates that neuroelectric measures such as ERPs and EROs are more subtle and sensitive to tap the deficiencies in the risk group. As described by Begleiter and Porjesz (1999) , a heritable biological endophenotype can help identify those individuals at genetic risk in the absence of overt manifest symptoms. In the present study, the dysfunction in response inhibition (during the NoGo condition) in the OA group is explained in terms of cognitive and neural disinhibition, and we suggest that disinhibition, as a trait, is perhaps genetically mediated in causing alcoholism and related disinhibitory disorders. In our results, more robust group differences are found in the NoGo than Go condition, showing dysfunction in response inhibition (NoGo) related oscillatory activity in OA subjects. Many functional magnetic resonance imaging (fMRI) and lesion studies implicate the prefrontal areas as the neural basis for response inhibition (e.g., Konishi et al 1999 Konishi et al , 2003 Liddle et al 2001; Watanabe et al 2002) . We suggest that this frontal dysfunction may be due to the dysregulation in inhibitory rhythms (theta oscillations) and/or potentials (NoGo P3, P3a, N2, etc), and this dysfunction is common across a variety of disinhibitory spectrum disorders. This is why we refer to this phenomenon as cognitive and neural disinhibition.
In our previous study in alcoholics (Kamarajan et al 2004) , we demonstrated that alcoholics had lower delta and theta activity in the NoGo condition and reduced delta activity in the Go condition. In the present study, the OA subjects who are at high risk to develop alcoholism manifest these deficits in EROs and additionally manifest decreased theta activity in the Go condition and markedly reduced activity in the theta and alpha1 bands in the NoGo condition. It is possible that since the current study has employed a different methodology both in terms of matching groups for age, gender, education, and handedness, as well as using the S-transform as a signal analysis method (rather than the matching pursuits method that was used in the study in alcoholics), these perhaps account for the additional differences in oscillatory activity. However, as described in alcoholics, the OA group displays stronger NoGo differences in the present study.
It has been reported that the P3 component of the ERPs primarily consists of delta and theta oscillations with a higher portion of posterior delta activity and the frontocentral theta oscillations (Basar-Eroglu et al 1992; Yordanova and Kolev 1996; Basar et al 1999; Karakas et al 2000a Karakas et al , 2000b , as well as a small portion of slow alpha oscillations (e.g., Basar-Eroglu et al 1991) . Therefore, it is possible that the decrements primarily observed in the theta and delta activity in the "at high risk" population, as our current study has found, can, in part, be explained by the reduced P3 amplitudes reported in alcoholics and children of alcoholics (for recent reviews, Porjesz and Begleiter 2003; Porjesz et al, 2005) . As these low-frequency activities involve long-range cortical communication, the deficient activity (in either P3 or these low-frequency activities) could also imply impairment in the frontoparietal circuitry in children of alcoholics as reported by an fMRI study by Rangaswamy et al (2004) . This view is strengthened by our finding that the OA group has a weaker frontoparietal interaction as observed in the topography of slow alpha activity (8 -9 Hz) (see Figure 4) . It is also known that children of alcoholics, similar to adult alcoholics, manifest neuropsychological or cognitive deficits that precede the onset of alcoholism (Schaeffer et al 1984; Drejer et al 1985; Tarter et al 1989; Pihl et al 1990, Pihl and Bruce 1995; Peterson et al 1992; Knop et al 1993) . Therefore, we propose that the neurocognitive deficits observed in the OA group, as elicited by decreased P3 amplitude and weaker oscillatory responses in low-frequency bands, perhaps predispose these high-risk individuals to develop alcoholism and related disorders.
Our study has observed dysfunction in both response inhibition and response activation in the OA group. This finding is similar to that of a P3 study in children of alcoholics using a Go/NoGo task reported by Cohen et al (1997b) . Our earlier P3 study using the identical task as the present study (Kamarajan et al 2005b) had a comparable finding, namely that the OA subjects manifested dysfunction primarily in response inhibition, and there was a trend toward lower P3 amplitudes in the Go condition. It is suggested that our current finding of decrease in ERO activity is more robust in the NoGo than the Go condition, supporting the view that the predominant dysfunction in children of alcoholics is related to frontal inhibitory control and hence they are more vulnerable to develop disinhibitory disorders, including alcoholism, as alcoholism is also considered to be a part of the disinhibitory/externalizing spectrum of disorders (Gorenstein and Newman 1980; Krueger et al 2002; Iacono et al 2002 Iacono et al , 2003 Kendler et al 2003) . Further, as mentioned in our earlier paper (Kamarajan et al 2004) , the explanation of theta activity in terms of inhibitory control comes from several sources of evidence including the following: 1) theta activity at the cellular level is produced by the inhibitory interneurons of the hippocampus (Chapman and Lacaille 1999) ; 2) it has also been suggested that frontal midline theta serves a response controlling function (cf. Basar et al 2001c) ; and 3) it was also reported that the reduced theta and low alpha indicated the failure of the inhibitory control at the cognitive level (Klimesch et al 2000) , a notion that supports the disinhibition hypothesis.
The implication of these findings highlights the following major points: 1) the deficient oscillatory activity in OA subjects may indicate possible deficits in cognitive functions as indexed by these oscillations, viz., signal detection and decision making as elicited by delta Schurmann et al 2001) , conscious awareness, recognition memory, and episodic retrieval as marked by theta (Klimesch et al 1994 (Klimesch et al , 2001a (Klimesch et al , 2001c Doppelmayr et al 1998; Karakas et al 2000a Karakas et al , 2000b Basar et al 2001c) and attentional processing as attributed to slow alpha activity Klimesch 1997; Klimesch et al 1998) ; 2) the decreased oscillatory responses during the NoGo condition, in particular, may suggest deficient inhibitory control and hence a dysfunctional frontal executive mechanism as evidenced by other findings showing such impairments in alcoholics as well as children of alcoholics (Giancola et al 1993; Giancola and Moss 1998; Finn et al 1999; Ihara et al 2000; Noel et al 2001; Ratti et al 2002; Kamarajan et al 2005b) ; 3) the weaker anterior-posterior communication in alpha1 band during the NoGo processing may suggest a dysfunctional long-range neural circuitry in the OA group as reported by Rangaswamy et al (2004) and Kamarajan et al (2005b) ; and 4) the deficient oscillatory responses and/or weaker cognitive response control, as found in naïve children of alcoholics, may be considered as an endophenotypic marker in predisposing to alcoholism and other disinhibitory disorders.
We suggest that the deficient oscillatory responses observed in OA subjects is a trait (rather than a state) variable, as the findings that the ERP features and EEG oscillations are highly heritable (e.g., van Beijsterveldt et al 1996 van Beijsterveldt et al , 1998 van Beijsterveldt et al , 2001 Almasy et al 1999; Begleiter et al 1998; Porjesz et al 2002a Porjesz et al , 2002b ) and the neurotransmitter systems (e.g., cholinergic and gamma-aminobutyric acid [GABA]ergic systems) that underlie delta and theta oscillations do have a genetic basis. It is reported that the theta and delta rhythms are produced in the interactions between the GABA and cholinergic neurotransmitter systems (Fellous and Sejnowski 2000; Tiesinga et al 2001) . Recent findings from the Collaborative Study on Genetics of Alcoholism (COGA) project indicate that the cholinergic muscarinic receptor genes (CHRM2) on chromosome 7 are involved in the production of theta and delta oscillations that are elicited during the P300 time window of the visual oddball task . However, as a note of caution, it should also be mentioned that although several research studies (e.g., Traub et al 1996; Whittington et al 2000) have shown that excitatory pyramidal neurons as well as inhibitory interneurons are involved in the production of different oscillations (theta, gamma), it is not clear as to how these excitatory/inhibitory influences are related to the scalp-recorded (summated) oscillatory phenomenon, genes, and to the cognitive functions such as response activation/inhibition.
In conclusion, our findings suggest that the deficient oscillatory responses in lower frequency bands (especially during the NoGo condition) in offspring of alcoholics may indicate dysfunction in the neurocognitive mechanisms that underlie the neural circuits subserving frontal executive functions. Neuroelectric features in general are highly heritable and therefore the dysfunction in oscillatory response may predispose the high-risk individuals to develop alcoholism and/or other disinhibitory disorders. It is proposed that the deficient oscillatory response in delta and theta bands (with the possible inclusion of slow alpha activity), like decreased P3 amplitude, can serve as a valuable endophenotypic marker for disinhibitory disorders in general and alcoholism in particular. A heritable biological endophenotype can help identify those individuals at genetic risk in the absence of overt manifest symptoms (Begleiter and Porjesz 1999) . The implications of our findings may therefore support the model by Begleiter and Porjesz (1999) who proposed that a genetically mediated cognitive and neural disinhibition, as indexed by electrophysiological anomalies, forms the core of a predisposition for alcoholism and related disorders. C. Kamarajan et al BIOL PSYCHIATRY 2006; 59:625-634 631 www.sobp.org/journal
